We report calculated ionic rotational branching ratios and associated photoelectron angular distributions for ( 1 + 1') resonance enhanced multiphoton ionization ( REMPI) via the R 21 (20.5), P 21 + Q 11 (25.5), and P 11 (22.5) branches of theA 2 :I+(3so-) state of NO. The branching ratios are dominated by even angular momentum transfer peaks, in agreement with the ll.N +I= odd (ll.N=.N +-N;) selection rule. Whereas the calculated photoelectron angular distributions are very branch dependent due to alignment, the ionic branching ratios are found to be less so. The present calculated results agree well with the experimental results of Allendorf eta/.
I. INTRODUCTION
Resonance enhanced multiphoton ionization (REMPI), coupled with high-resolution photoelectron spectroscopy, has in recent years proven to be an important state-specific probe of the photoionization dynamics of molecular excited states. While vibrationally resolved spectra have been measured for many systems with conventional photoelectron spectroscopy, 1 • 2 rotational resolution has been achieved in just a few cases. 3-s When combined with photoelectron angular detection such rotationally resolved spectra provide a very detailed dynamical picture of the photoionization process. For example, the photoelectron angular measurements parallel and perpendicular to the polarization vector by Reilly et a/. s in rotationally resolved REMPI via the D 2 :I+ ( 3po-) state of NO, made it possible to explicitly identify the surprisingly large p-wave character of the photoelectron wave function. The preceding paper 6 reports the results of measurements of photoelectron angular distributions and ionic rotational branching ratios for ( 1 + 1 1 )
REMPI via the A 2 :I+ ( 3so-) state of NO. 7 In this paper we present calculated rotational branching ratios along with photoelectron angular distributions associated with these same REMPI processes. This work extends our earlier studies 8 - 15 where we addressed underlying dynamical features associated with measurements of rotationally resolved REMPI spectra of the 2 :I + Rydberg states ofN0. 2 :I+ state of NO. The photoelectron angular distributions are branch dependent with branching ratios symmetric around ll.N = 0 for the high J branches accessed in the present study (J~20.5). This is in contrast to the behavior at low Jwhere the branching ratios show a strong asymmetry and dependence on J. 
II. THEORY
The theoretical method used in the present studies has been described previously. REMPI process of interest here is viewed as a one-photon excitation from an initially unaligned (all MJ levels equally populated) ground state (2) where A is the line strength given in Ref. 18 . The probability P( O,t/J) of photoelectron ejection in the direction ( O,t/J) with respect to the laser polarization vector (E) is then given by an incoherent sum over both the photoionization probability r; ofthe individual MJ levels and rotational branches (for mixed branches),
L=O
In the summation on the righ-hand side of Eq. ( 3) the photoelectron angular distributions are expressed as a weighted sum over Legendre polynomials of even order. Lmax is determined by the dynamics of the particular REMPI process and is 4 for the present ( 1 + 1') low intensity high-J experiments. In the evaluation of Eq. ( 3) it is assumed that the polarization vectors of the two photons in the ( 1 + 1') REMPI scheme are parallel. It is simple to extend Eq. ( 2) to allow for an arbitrary angle between the vectors. In the following we assume the lasers to be polarized parallel to each other unless otherwise specified. Changing the angle between the polarization vectors of the excitation and ionization lasers simply probes the dependence of the cross sections (and angular distributions) on the alignment of the intermediate state.
We assume the X 2 11 state to be intermediate between Hund'scase (a) and Hund'scase (b), and the resonant
2~+
and final 1 ~ + states to be adequately described by Hund's case (b) coupling. In the present frozen-core and orbital approximation, 9 the photoionization probability for a particular MJ level r; is proportional to (fl,uli) 2 , the square of the one-electron matrix element between the final continuum orbital lf) and the resonant Rydberg orbital li). For the REMPI process of Eq. ( 1) (fl,uli) can then be written as 13 <rl,uli> =I R<NI' s> I rr<-1)1l
where N + and N; are the angular momenta of the ion and the resonant intermediate state (exclusive of spin), respectively. N, is the angular momentum transfer, I is a partial wave of the photoelectron wave function, and ,u is its corresponding projection on the molecular axis (,u = 0 and ± 1 for the ku and k1r channels respectively). R(s) and; represent other variables and summation indices. Details are given in Ref. 9 . The bound-free matrix element rjtll of Eq. ( 4) between the intermediate state and the photoelectron continuum wave function can be written as For a central potential l' = l. However, for the noncentral potential of molecular ions, l i= l ' terms are present. These can be substantial due to the anisotropy of the molecular ion potential. This I coupling in the photoelectron wave function in turn influences the ionic rotational distributions. Using the symmetry relationship rjtP = ~-P-P and the properties of the 3-:isymbols, state. 24 The photoelectron energy in the ( 1 + 1') REMPI experiments of Allendorf et al. 6 • 7 is -183 meV for the t::.N = 0 signal. We have previously found the bound-free ~atrix elements r'j( and the ionic rotational branching ratios to be rather energy independent for REMPI via the The calculated partial wave composition of the resulting photoelectron matrix elements and their relative phases are listed in Table I . These can be compared with the experimentally derived elements shown in Table IV 
Ill. RESULTS
In Fig. 1 we compare the photoelectron angular distributions of Allendorf et al. 6 for (1 + 1') REMPI of the NO a .. (20.5) ; j (\ > . . zero (see Table II ). The calculated and experimental photoelectron angular distributions are generally in good agreement, although there is some discrepancy for the liN= -2 signal via the R 21 (20.5) branch for both excitation geometries. The branching ratios and angular distributions are expected to be almost symmetric around liN= 0 for these high-J studies. We are not able to account for this discrepancy within the context of the present theoretical framework. Figure 2 compares the experimental 6 and calculated photoelectron angular distributions for the mixed P 21 + Q 11 (25.5) branch. Also shown are the calculated results for the pure P 11 ( 22.5) branch. The agreement between the predicted and measured photoelectron angular distributions is very good for the mixed P 21 + Q 11 (25.5) branch.
Note that the angular distributions for this mixed branch Table II 25 in agreement with the present case. Theoretical calculations confirm that the rotationally unresolved angular distributions via the E state are alignment independent and that the rotationally resolved distributions are very branch dependent. 26 The model employed by Allendorf et a!. 6 to fit the experimental angular distributions as in Figs. 9-12 (25.5) , and the P 11 (22.5) based on the same theoretical framework used in our analysis. The photoelectron matrix elements are treated there as adjustable fitting parameters. 6 Within this model these branching ratios and angular distributions should be almost 
IV. CONCLUSION
We have reported the ionic rotational branching ratios and photoelectron angular distributions for low photoelectron energies resulting from ( 1 + 1') REMPI via the R 21 (20.5), Pu (22.5), and P 21 + Qtt (25.5) 6 • 7 shows quantitative agreement between the calculated and measured values. The ionic rotational branching ratios are seen to be weakly branch dependent. However, the rotationally resolved photoelectron angular distributions are very branch (alignment) dependent, whereas the rotationally unresolved ones are less so. This makes it difficult to probe the alignment of intermediate states via rotationally unresolved measurements. The rotationally resolved photoelectron angular distributions are clearly important for elucidating the dynamical details of the REMPI process.
